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L E A D I N G  C O M M U N I C AT I O N  P R O D U C T  D E S I G N

Keysight PathWave Design Solutions

GoldenGate 

ïRFIC Mixed Signal

ADS 

ïMMIC, 

RF Board, 

SiP, HSD

EMPro

ï3D EM

Genesys

ïRF Board

Circuit 

Synthesis

HeatWave 

ïIC electro-

thermal analysis

RFPro

ïEM-Circuit 

analysis for 

circuit designers
RFPro

RF & Microwave

IC-CAP 

ïDevice Modeling

GaAs, GaN,

Custom Models

Measurement  

MBP 

ïDevice Modeling

Silicon

MQA 

ïModel Quality

Assurance

WaferPro 

Express 

ïWafer-level 

automated 

measurement

A-LFNA

ïAdvanced Low-

Frequency Noise 

Analyzer

Device Modeling

SIPro

SIPro

ïSignal Integrity 

design for High 

Speed Digital

PIPro

PIPro

ïPower Integrity 

design for DC 

power distribution 

network

MemoryDesigner

ïDesigns DDR4, 

DDR5 Memory 

modules
MemDsnr

High Speed Digital

SystemVue 

ïElectronic

System

Level

System Level Design

PEPro

PEPro

- Power Electronics 

high speed switch 

mode power supply

ï

Power Electronics
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1. IC Design Workflow with PathWave ADS (MMIC PA Design)

2. Rectenna Design with PathWave EMPro and ADS 

a) Patch Antenna Design with EMPro

b) Rectifier Circuit with ADS

c) Integration of Patch Antenna and Rectifier Circuit in ADS

3. General Introduction of EMI/EMC simulation with EMPro

4. Conclusion 

Agenda
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IC Design Workflow with PathWave ADS 
(MMIC PA Design)
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Premier RF & Microwave Design Software

ÅIndustry and Technology Leader Serving:

Å RFIC/MMIC

Å Module Design

Å RF Board Design

Å Silicon RFIC Design

Å High Speed Digital Design 

Keysight PathWave Advanced Design System (ADS)



7

From Transistors to MMICôs to Modules

Keysight Pathwave MMIC Solutions

Electrothermal 
Simulation

Foundry Design Kits and 
Models from all major 

Foundries

Back End Design Flow

Integrated Planar and 3D 
EM/Circuit Co-Simulation 

with RFPro

Best-in-class

RF circuit simulators

VSeamless integrated EM/Circuit Co-Simulation
VBest-in-Class Non-Linear Stability Analysis / Winslow Probes
VCŀǎǘ ϧ !ŎŎǳǊŀǘŜ ά5ŜǎƛƎƴ ϧ {ƛƳǳƭŀǘƛƻƴ ǿƛǘƘ aƻŘǳƭŀǘƛƻƴκ9±aέ
VWireless Verification Testbenches (VTB) and Modulated Sources

VDesign Kits from all major Foundries
VFull Front-to-Back ADS PDKs
VDRC / LVS with MMIC toolbar support
VGaAs, GaN, InP, HEMT, PHEMT, etc.

VNew Front-to-Back mm-Wave DemoKit 
with Electrothermal capability

VIntegrated Planar and 3D EM/Circuit 
Co-Simulation with RFPro

VNear and Far Field Plots
VEM with Circuit Excitation
VCloud HPC

VElectrothermal effect at chip and 
package/module levels

VLayout Thermal Floor-Planning
Vaŀƴȅ ŦƻǳƴŘǊȅ t5YΩǎ ŀǊŜ 

Electrothermally enabled

VLayout / Electrothermal Simulation
VIntegrated Planar and 3D EM/Circuit Co-

Simulation with RFPro
VADS Desktop and Third-Party DRC & LVS
VMulti -technology/Smart Mount for Packaging 

and Module Assembly and Simulation 

MMIC

Integrated PA/Switch Module

VCreate Robust MMIC Designs with best-in-class tools
VStatistical Design Tools (including DOE)
VNon-Linear X-parameters modeling
VCloud HPC
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A Platform for Technology Assembly

Technology 

Assembly

EM, 

Thermal

Models, Design Kits

Libraries, Database Management

Layout, 

Verification 
Interoperable,   

OA-based designs 

Native IC and 

package designs

Imported designs

Simulation, 

Analysis

GaAs/GaN/MMIC

Silicon RFIC

Silicon IC Pkg or 

board

Package AND IC Layout ñLayout vs. Layoutò

RF Pro

Heatwave

Circuit Envelope

ñDistortion EVMòX-Apps 
Data Display
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Integrated Solution For Pre- And Post-Layout Analysis

Post Processing RFPro - 3DEM

Layout
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Demonstration: MMIC PA/Switch on Laminate Board

Design Flow

Validation: Harmonic 

Balance/Virtual Test Bench

DC Analysis of FET

Optimization of Circuits for 

Stability/Impedance Matching

Using of PDK Components

Design Synchronization

Substrate Definition

EM Simulation with RFPro

Smart Mount on Laminate Board
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Schematic Design ïDC Analysis of FET

Å DC Analysis is usually performed at the start of amplifier design to understand the transistor performance  

Å ADS provides template that quickly helps designers to setup the simulation test bench.

Subcircuit within 

the FET Curve 

Tracer component
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Schematic Design ïOptimization of Circuits

Å After understanding the transistor performance, designer will start to create the various circuit:

1. Bias Circuit

2. Stability Circuit

3. Impedance Matching Circuit

Å ADS Provides tools that helps designer to achieve their goals:

1. Smith Chart Utility Tool for Impedance Matching

2. StabFact component to measure stability quickly

3. Optimization Cockpit
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Stability Optimization

ÅPerform S-Parameter simulation for Stability and Impedance Matching purposes. 

ÅBelow schematic perform Optimization for Stability (K-Factor) > 1.05 at all frequencies. 

ÅSmGamma1 and SmGamma2 to measure simultaneous-match input-reflection and output-reflection coefficient.

Schematic Design ïS-Parameter Simulation

Optimization for K-Factor > 1.05

For Impedance 

Matching after 

Optimization
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Stability Optimization

ÅOptimized K-Factor Results with S-Parameters being measured. 

ÅSmGamma1 and SmGamma2 values are measured for impedance matching (@ 2GHz) for the next step.  

Schematic Design ïS-Parameter Simulation
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Impedance Matching @ 2GHz ï Smith Chart Utility Tool 

ÅBased on the measured SmGamma1 and SmGamma2, these values can be placed in the Smith Chart Utility Tool to creating matching 

network automatically. 

Schematic Design ïS-Parameter Simulation

Smith Chart SmartComponent provides 

quick synthesis of matching network 

together with Smith Chart Utility Tool 

Quick automatic 

generation of 

matching network 

SmGamma1 and 

SmGamma2 values used 

for impedance matching
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Impedance Matching ï Smith Chart Utility Tool 

ÅImpedance Matched Results

Schematic Design ïS-Parameter Simulation
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Using PDK Components

ÅTo bring the results one step closer to the measurement results, Process Design Kits (PDKs) from Foundries or Vendors will be used to 

replace the ideal components. 

ÅDue to the model creation depending on the Foundries or Vendors, ideal component values may not be exactly replaced with PDK 

component values ï especially for inductor models. 

Schematic Design ïS-Parameter Simulation

Replaced with 

PDK components
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Using PDK Components

ÅComparison of Results

Schematic Design ïS-Parameter Simulation

Using Ideal Components Using PDK Components
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Using PDK Components - Tuning

ÅTuning can help to fine tune the performance of the design.

ÅTuning updates the results instantly ï no need to re-run the simulation.  

Schematic Design ïS-Parameter Simulation

Blue plot shows updated results once 

components are being tuned. 
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Using PDK Components - Tuning

ÅTuning can help to fine tune the performance of the design.

ÅTuning updates the results instantly ï no need to re-run the simulation.  

Schematic Design ïS-Parameter Simulation

After Tuning
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Using PDK Components - Tuning

ÅTuning can help to fine-tune and improve the results. 

Schematic Design ïS-Parameter Simulation
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Using PDK Components ï Microstrip Line

ÅTo complete the simulation, PDK Microstrip line are used to complete the design. 

ÅIf the results shift too much, consider Tuning/Optimization to fine tune the results.  

Schematic Design ïS-Parameter Simulation
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Complete Design: 2 Stage Amplifier Design

ÅThe final demo design is a 2-Stage Amplifier and below are the schematic and results details. 

Schematic Design ïS-Parameter Simulation
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Complete Design: 2 Stage Amplifier Design

ÅThe final demo design is a 2-Stage Amplifier and below are the schematic and results details. 

Schematic Design ïS-Parameter Simulation

Sub-Circuit Symbol 

representing 2-Stage Amplifier 

Schematic Design
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From Schematic to Layout

ÅDesign Synchronization allows designs from schematic to be brought over to layout, while maintaining the schematic parameter such 

as component values, layout parameters (e.g Width, Length, No. of Turns, etc.) in layout.

ÅValid for PDK Models/Components that has both schematic and layout components.  

Layout Design ïDesign Synchronization

Design 

Synchronization

Design Synchronization options, to 

bring all schematic design into 

layout with a single import, or 

import the components into the 

layout individually. 
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From Schematic to Layout

ÅComplete Layout Design for the 2-Stage Amplifier after design synchronization. 

Layout Design ïDesign Synchronization

Substrate Stack-up are typically already defined by the PDK models. 

Alternatively, create substrate stack-up using the ADS substrate editor
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What we heard over the years

Layout Design ïEM-Circuit Cosimulation 

Tedious, Time-Consuming and Error Prone!
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RFPro Simulation - Introduction

Layout Design ïEM-Circuit Cosimulation 
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RFPro Simulation - Introduction

Layout Design ïEM-Circuit Cosimulation 

ÅLayout

ÅNo Cookie cutting

ÅNo exporting

ÅNo removing active devices 

and placing pins & ports

ÅNo reconnecting schematics to 

s-parameter files

ÅSolver

ÅNo expert setup

ÅBe confident in the setup of the 

simulation and accuracy of the results

ÅBetter automated defeaturing (via 

merging/dummy removal/hatched 

planesé)

ÅIntegration

ÅIntegrated EM and Circuit Co-Simulation

Å3D view

ÅSolution for RF PCB, RFIC, MMIC and 

RF Modules

ÅSame user interface for ADS and 

Cadence Virtuoso

ÅSame environment for FEM and 

Momentum

ÅRFPro in ADS Removes EM Setup Complexity

RFPro
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RFPro Simulation - Setup

Layout Design ïEM-Circuit Cosimulation 

Å Nets Assignment (Signal, Ground, Power) for 

automation in Ports Creation. 

Å Simple Drag-and-Drop  for Ports and 

Component Creation

Å Various options for model presentation ï

Lumped, SnP, Model DB, and Library Cell 

(PDK, SPICE)

Drag and Drop


